The digestible protein requirements of lactating ewes were studied with Chios 3 ewes during the declining state of lactation in two nitrogen balance and three feeding trials. A 60 kg ewe producing 1.0 or 2.0 kg milk of 6% protein and maintaining weight equilibrium, required 134 and 230 g digestible protein daily, respectively. These requirements were obtained with ewes receiving 110 Kcal metabolizable energy (ME)/kg .73 and 1,800 kcal ME/kg milk. At the levels of digestible protein intake used, which ranged from 4.5 to 12.2 g/kg -73 there was a linear response to protein level in milk nitrogen plus retained nitrogen. Straw intake and crude fiber digestibility increased in response to higher protein intake; within a protein level, straw intake increased as the amount of concentrates fed declined. The intake of concentrates and milk yield, declined when the crude protein content of the diet was below 10%.
INTRODUCTION
The recommended digestible protein allowance for lactating ewes varies considerably. The N. R.C. (1975) recommends a daily allowance of 155 g digestible protein for the first 8 weeks and 109 g for the last 8 weeks of lactation for a ewe of 70 kg live weight, suckling single lambs.
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The corresponding amounts for ewes suckling twin lambs are 202 and 155 g, respectively. These estimates were based on expected daily weight changes of -25 and +45 g for ewes suckling singles and -60 and +80 grams for ewes suckling twins for the first and last 8 weeks of lactation, respectively. The A.R.C. (1965) suggests an allowance of 158.2 g digestible protein for a 70 kg ewe yielding 1.0 kg milk daily and fed a diet containing 2.2 kcal metabolizable energy per kilogram dry matter. The German recommended daily allowance for ewes producing 1.0 kg milk is 160 g digestible protein and the Israeli 140 to 150 g (Kirchgesner, 1970; Israel Ministry of Agriculture, 1970) . Gardner and Hogue (1964; 1966) and Hogue (1967) suggested allowances of 230 and 265 g crude protein for ewes in early lactation nursing single and twin lambs. Robinson and Forbes (1970) reported that ewes in early lactation receiving 7.9 g of digestible protein and 220 kcal metabolizable energy daily, produced .70 g of nitrogen in milk and retained .162 g nitrogen per unit of metabolic size (kg-TS). These workers reported that the digestible protein requirement was affected by the level of energy intake. A large part of the variation in the requirements may be attributable to differences in breed, milk yield and composition and the level of energy intake Broster, 1973) . A fourth source of variation is the expected change in weight and the utilization of body tissue for the synthesis of milk, especially in early lactation. The accurate determination of digestible nitrogen requirement for milk production is further confounded by the fact that dietary nitrogen is utilized for milk and body tissue protein synthesis at varying efficiencies.
The objectives of these experiments were to determine the digestible protein requirements of lactating ewes of the Chios breed and the effect of increasing levels of digestible protein intake on milk production and composition and on weight changes. 672 JOURNAL OF ANIMAL SCIENCE, Vo|. 44, No. 4 (1977)
EXPERIMENTAL PROCEDURE
Metabolism Trials 1 and 2. Two sets of twelve Chios ewes at the declining stage of lactation were used for the two trials. These ewes were in lactation for approximately 10 weeks and were selected from a larger group of 3 to 4-year-old ewes on the basis of milk yield and live weight to reduce ewe variation in these parameters. The ewes, which were adjusted to the treatment diets for 4 weeks, were placed in metabolism cages and were randomly assigned to the three diets which represented three levels of protein (table 1) . The concentrate mixtures used in trials 1 and 2 were composed of the same feed ingredients at the same percentages but were prepared separately. The protein contents were higher in trial 2 than in trial 1 due to the higher protein content of the barley used (table 1) . Roughage and concentrates were fed in separate containers. Roughage was offered once daily at the rate of 500 g daily; chopped straw (2.8% C.P. on D.M. basis with particle size of 2 to 3 cm) was fed in trial 1 and alfalfa hay (21.2 C.P. on D.M. basis) in trial 2. The concentrate allowance was offered in two, approximately equal, parts at 8:00 and 18:00 hours. Refusals of roughage and concentrates were collected and recorded separately. Feed and refusals were sampled daily and the samples for each period were pooled. The daily allowance of concentrates was designed to meet the balance of the energy requirements of each ewe which was estimated on the basis of 110 kcal ME/kg-73 for maintenance and 1,800 kcal ME for each kilogram of milk produced. The metabolizable energy content of the diet was calculated from the reported energy content of the components of the diet (N.R.C., 1969; Economides and Hadjidemetriou, 1974) . The values obtained were compared to the values computed from the intake of digestible organic matter using the factor 3.75 (Blaxter and Wainman, 1964) .
Feces and urine were collected, processed and sampled as described earlier (Papas, 1976) . The ewes were hand milked twice daily at 7:00 and 14:30 hours. Milk was sampled and analyzed for nitrogen daily. Fat, ash and total solids in milk were determined for each period on the pooled samples. Feed, feces, urine and milk samples were analyzed for nitrogen by the dvitamin premix was added to furnish 3,000 and 300 IU per kilogram feed of vitamin A and D3, respectively.
PAPAS
Kjeldahl method. Total milk protein was computed from the nitrogen content using the factor 6.38; the factor 6:25 was used for all other samples. Milk fat was determined by the method described by Gerber (1966) . Total solids were determined by evaporating to dryness 5 ml of a well mixed sample. Other analysis were carried out by standard procedures (A.O.A.C., 1970) . The ewes were weighed at the beginning and end of each trial and the mean of the two values was used to compute metabolic size (kg .73). The data from each trial were analyzed by standard procedures (Steel and Torrie, 1960) and the treatment means were compared using the Duncan's multiple range test (Duncan, 1955) . The data from both trials were used to compute regression equations relating digestible nitrogen intake to the urinary, milk and retained nitrogen.
Trial 3. Fifty-four Chios ewes were assigned to the three treatments in a randomized complete block design using the date of lambing as blocking criterion. Within each of the two blocks the ewes were stratified on the basis of three milk recordings and the ewes in each stratum were randomly assigned to receive the three treatment diets (table 1), which represented three levels of protein. The milk recordings for the purpose of stratification were carried out at biweekly intervals starting on the second week post-partum. The milk consumed by lambs was determined by weighing the lambs before and after suckling their dams at controlled intervals. The residual milk was recovered by hand milking. The lambs were housed with their dams for 30 days and then were partially suckled until they were gradually weaned at 42 days of age. After weaning, the ewes were housed individually in adjacent pens and were allowed 2 weeks to adjust to the diets. At the commencement of the trial the ewes had been lactating for approximately 8 weeks.
All ewes were offered 600 g of chopped straw (IRN 1-00-498, particle size 2 to 3 cm) daily. The allowance of the respective isocaloric concentrate mixture was calculated to exceed by 5% the energy requirements of the individual animals calculated on the basis of live weight and milk yield as in trials 1 and 2. This allowance was identical for all treatments for the first 2 weeks on trial, and thereafter was adjusted weekly on the basis of the average milk yield and live weight of the preceding week. During the trial, which lasted for 8 weeks, individual straw and concentrate intake and milk yield were recorded daily and live weight weekly.
Feed samples were analyzed weekly. The energy content of each diet was computed as in trials 1 and 2. The apparently digestible protein intake was computed from the crude protein intake and the digestibility coefficients obtained in trial 1.
The ewes were milked by hand twice daily at approximately 7:00 and 14:30 hours. Milk samples were drawn from the morning and afternoon milkings. The two samples for each ewe, which were proportionate to the yield of the respective milking, were pooled and analyzed for protein, fat, total solids and ash by the same methods used in trials 1 and 2. The data were analyzed by standard procedures and the means were compared using the Duncan's multiple range test (Steel and Torrie, 1960; Duncan, 1955) . Initial weight and initial milk yield were used as covariates in the analysis of variance for weight gain and milk yield, respectively. The metabolic size (kg.73) of each ewe was computed weekly. The individual ewe intake of metabolizable energy and digestible protein were expressed per unit metabolic size weekly and these values were used to compute the average for each ewe and subsequently the treatment means.
Trial 4. Fifty-four Chios ewes at the declining stage of lactation were stratified on the basis of milk yield (as described in trial 3) and date of lambing and the ewes in each stratum were randomly assigned in nine pens of six ewes each. The nine pens of animals were then randomly assigned to receive the three treatment diets (table 1) . Chopped straw (IRN 1-00-498) was offered ad libitum. The allowance of concentrate mixture was computed as in trial 3 and was adjusted weekly after the third week. Straw intake was recorded weekly. The refusals from the concentrate feed were collected and weighed daily. Milking was as in trial 3. Milk yield for each pen was recorded daily. Individual ewe milk yield was recorded weekly and milk analysis was carried out bi-weekly. It was observed from the analysis of the data in trial 3 that individual weekly recordings of milk yield and bi-weekly milk analysis provided good approximation of milk yield and milk composition.
The individual ewe data on weight gain, milk yield and composition for trials 3 and 4 were pooled. In the analysis of variance, trial 4 was considered as a third block of trial 3 and the data were analyzed by standard procedures for randomized complete block design (Steel and Torrie, 1960) . The treatment means were compared using the Duncan's multiple range test (Duncan, 1955) , The straw intake data in trial 4 were analyzed separately by standard procedures using the pen intake as a single observation. Concentrate and straw intake were very similar for the two trials and for this reason only the average of the treatment means is presented in table 4.
Trial 5. Twenty-nine primiparus yearling ewes of the Chios breed, at the declining stage of lactation, were stratified according to milk yield on the basis of three milk recordings as in trial 3 and the ewes in each stratum were randomly assigned to receive the three treatment diets (table 1) . The ewes were housed individually in adjacent pens and were offered .5 kg of alfalfa hay (IRN 1-00-059) daily 9 Duration of the trial, feeding, sampling and other conditions were as in trial 3. The purpose of this trial was to study the effect of higher protein levels on milk yield, milk composition and weight gain. The data were analyzed by least square procedures (Harvey, 1960) . The initial milk yield and initial live weight were used as covariates in the analysis for treatment differences in milk yield and weight gain.
R ESU LTS
Trials 1 and 2. Urinary and retained nitrogen per unit metabolic size increased (P<.05) in response to increments in the digestible nitrogen intake in both trials (tables 2 and 3). There was no (P>.05) relation between digestible nitrogen intake and milk nitrogen. In the pooled data from trials 1 and 2, the regression of apparently digestible nitrogen on retained, urinary, or milk plus retained in g/kg.73 showed a linear relationship (P<.05). The regression of digestible nitrogen intake (YD) on milk plus retained nitrogen was YD=.213+.445XM+R(r=.89). The multiple regression coefficients for milk and retained nitrogen appear in the equation YD=.236+1.511XM +1.312XR(r=.89). Urinary nitrogen was (P<.01) correlated with the milk nitrogen plus retained nitrogen (r=.56) (figure 1). The retained plus milk nitrogen (Y) was affected by the digestible nitrogen intake in g/kg -73 (XD) and energy intake kcal/kg .73 (XE) the multiple regression equation being YM + R=--. 324+.4406XD+.0024XE(r=.92). The digestibility of crude fiber tended to increase with increasing level of protein intake in trial 1 but the treatment differences were not significant.
Trials 3 and 4. The analysis of the pooled data from trials 3 and 4 appear in table 4. The ewes in both trials were at the declining stage of lactation (figure 2). Milk yield for treatment A was lower than treatment C (P<.05). The effect of lower protein intake on milk yield was more pronounced in the early stages of the experiment when milk yield was high and tended to disappear as the milk yield declined.
In general, the milk yield was lower and had a higher dry matter content in trial 3 than in trial 4. Percent fat decreased with increasing milk yields and level of fed protein (P<.05). The protein content of milk was not affected in trial 3, but the total protein production was higher in treatment C than in treatment A (P<.05).
Straw intake increased linearly in both trials with increasing protein content of the concentrate mixture 9 Within a protein level, straw intake was inversely related to the intake of concentrates (figure 3). The intake of concentrates was largely determined by the allowance of feed. At the early stages of the experiment, however, the intake of ewes fed the low protein level was lower than the other two treatments ( figure 3) Figure 1 . Relation of apparently digested nitrogen to urinary nitrogen and to milk plus retained nitrogen. (Trials 1 and 2 ). astandard error of a treatment mean.
bMeans in the same line with different superscripts differ significantly (P<.05). CStraw intake was analyzed separately for trials 3 and 4. In each trial, it increased linearly in response to higher protein concentration in the concentrate mixture (P<.01).
ing level of protein intake (P<.05). treatments the ewes gained weight (P<.05). Milk yield was slightly higher with the highest protein level but the differences were not significant. The fat, protein and total solids content of milk in treatment B; where the energy intake was low, were slightly lower than in the other two treatments.
Discussion
The results of the three feeding trials show that low levels of digestible protein depressed milk yield. This treatment difference was greatest in the early stages of lactation when yield was highest. At higher levels of protein intake, the additional nitrogen was partly utilized for body tissue synthesis but milk yield was not enhanced. This was illustrated by the absence of a response in milk yield while there was a significant effect of nitrogen intake on milk nitrogen plus retained nitrogen in the two metabolism trials. A similar effect of nitrogen intake on milk nitrogen plus weight gain was observed in the feeding trials.
The digestible nitrogen requirement of a 60 kg ewe, producing 1.0 kg milk daily of 6% protein or .473 g milk nitrogen per kg .73 and maintaining weight equilibrium, was calculated to be .95 g/kg .73 from the regression of digestible nitrogen on milk and retained nitrogen in the two metabolism trials. This value is lower than the value of 1.18 g/kg .73 calculated from the feeding trials using the regression of nitrogen intake on nitrogen in milk and weight (Kirchgesner, 1970 ; Israel Ministry of Agriculture, 1970) and by Hogue (1967) . Feeding trial estimated requirements were approximately 10% higher than those predicted by the balance studies.
The intake of cereal straw increased significantly in response to higher level of protein intake. It was apparent from trials 1 and 2 that the digestibility of crude fiber increased with increasing protein intake which probably resuited in higher straw intake. This effect of protein on crude fiber digestibility was manifested with metabolizable energy intakes usually higher 200 kcal/kg .73. In another study with non-milking non-pregnant ewes, receiving approximately 110 kcal metabolizable energy per kg.73, increasing the digestible protein intake above 6.1% of the dry matter had no significant effect on crude fiber digestibility or straw intake (Papas, 1976) . The intake of straw, irrespective of protein level, increased as the allowance of concentrates declined. The treatment differences in straw intake tended to disappear as the allowance of concentrates declined (Figure 3) . These results are in agreement with the findings of Andrews et al. (1972) who reported that at high levels of energy intake, the consumption of cereal straw was low and that straw intake increased in response to higher dietary levels of protein.
The consumption of concentrate feed was affected by the level of protein intake. This was particularly apparent in the first 2 weeks in trials 3 and 4 when the total allowance of feed was similar for all treatments (figure 3). The ewes on the low protein treatment consumed less feed than the ewes on the other two treatments. At later stages, however, the lower consumption was due to the lower allowance of feed for treatment A due to the reduction of milk yield in this treatment. The effect of protein on the consumption of poor quality roughage has been studied extensively (Campling, 1970) , The protein level also affects the consumption of high concentrate diets by either improving the palatability of the diet or by acting at the physiological level of intake control (Papas, 1974) . Apparently, feed intake in these trials was not limited by the capacity of the rumen because the level of energy intake per kg.7 3 was lower than the ad libitum intake observed in the diets of similar energy concentration (Clancy et al., 1976) . It was thus apparent that the reduction in milk yield at dietary protein concentrations of Iess than 10% resulted from both protein and energy deficiency.
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